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Abstract: The performance and variability patterns in the wood ele¬ 
ment’s dimensions, specific gravity and growth parameters namely ramet 
height and GBH were evaluated in 16 clones of parents, FI and F2 hy¬ 
brids of Populus deltoides Bartr. ex Marsh. Ramet radial variations were 
non-significant, while inter-clonal variations due to interaction of 
clone/replication were significant for all the wood traits except vessel 
element length. Inter-clonal variations were significant only for fiber 
length and fiber wall thickness. Fiber length and specific gravity were 
significantly higher in female, while wall thickness and vessel element 
length were higher in male clones. Female parents (G48 and S7C8) 
showed higher fiber length and specific gravity than of the male parent 
(G3), while vessel diameter and wall thickness were higher in male par¬ 
ent (G3). There is not much difference in fiber length and vessel ele¬ 
ment’s dimensions among the parents, FI and F2 generation hybrid 
clones. Specific gravity did not showed any trend for parents, FI and F2 
generations. Generally female clones showed higher growth rate. Broad 
sense heritability for wood traits ranged from 0.143 (fiber length) to 
0.505 (fiber wall thickness), while for growth traits it was 0.374 (GBH) 
and 0.418 (height). Genetic gain for all the wood and growth traits was 
positive for most of the wood traits. The highly divergent male clone (78) 
and female clones (S7C8, G48, W/A 49) in number of combinations 
could be used for developing new hybrids of desired wood traits to de¬ 
velop new clones. 
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Introduction 

Populus deltoides belongs to the family of Salicaceae. Out of six 
indigenous species and eight Indianized exotic species of Popu¬ 
lus, P. deltoides is the commercially most important one. It is a 
multipurpose tree species and can be grown on short circle. The 
genus Populus with dioeciousness for its large number of hy¬ 
brids/clones are propagated vegetatively and offer excellent op¬ 
portunities for the improvement and selection. Thus, 
clones/hybrids/cultivars of Populus were developed all over the 
world. Open pollinated seeds from the promising clones of P. 
deltoides are already available in India, and seedling populations 
are generated for further selection of promising individual plants 
for cloning. In India a number of clones of P deltoides have been 
developed and are grown commercially. 

The variability in anatomical characteristics has profound in¬ 
fluence on the wood properties (Dadswell 1957; Burley and 
Palmer 1979). Fiber and vessel element’s dimensions, proportion 
and arrangements of different elements and specific gravity are 
the features of interest in this connection. The general pattern of 
variation in wood element dimensions is found not only within a 
species but also observed within a tree in different species (Di- 
nowoodie 1961; Zobel 1965; Rao and Rao 1978; Pande et al. 
1995; Pande and Dhiman 2010). 

Variations in the dimensions of wood elements and specific 
gravity within ramet, inter-ramet and among the clones have 
come under close scrutiny in recent years. There are reports 
available on the variation in wood anatomical and other proper¬ 
ties in different clones of Populus elsewhere (Phelps et al. 1982; 
Kauba et al. 1998; Chauhan et al. 1999, 2001). Radial and direc¬ 
tional non-significant variations in specific gravity and fiber 
length in different clones of Dalbergia sissoo and Eucalyptus 
tereticornis was reported by Pande and Singh (2005, 2009); and 
related to early maturity of clone raised tree. Inter-tree variations 
in specific gravity of D. sissoo were also reported by Pande 
(2008) and in Lucanea leucocephala by Pande et al. (2008). 
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Similarly, significant differences among the different clones of 
different species in average fiber length were reported by many a 
worker (Murphey et al. 1979; Phelps et al. 1982; Chauhan et al. 
1999 and 2001; Rao et al. 2002; Pande and Singh 2005). In¬ 
ter-clonal variation in vessel element dimensions in D. sissoo 
was reported by Pande and Singh (2005), in Populus deltoides by 
Chauhan et al. (1999) and in T. grandis by Rao and Shashikala 
(2003). However, there is no available literature on the compari¬ 
son and variations in the wood properties and growth perform¬ 
ance among the clones of parents and successive generations. 

The growth and the wood quality are two important parame¬ 
ters for the assessment of clones considering their end uses. The 
parameters viz wood elements dimensions, specific gravity and 
growth parameters namely GBH and height should be compared 
among the parents, FI and F2 generation’s plantations and the 
heritability patterns of selected wood and growth traits, so that 
the superior hybrids can be recommend for the further use. 

In view of the above, the present study presents the compari¬ 
son of the variability patterns in wood and growth traits among 
the parents, FI, F2 hybrid clones, and broad sense heritability of 
different wood, as well as growth traits and clustering of clones 
of parents and successive generations for the selection of diver¬ 
gent clones. 

Materials and methods 

The experimental site 

Study site was located at Rudrapur (Udhamsing Nagar), Uttara¬ 
khand, India. It is situated at around 28° N, 78° E at elevation of 
200 m asl. Annual precipitation is 1 200 mm, of which 88% oc¬ 
curs during June-August. The average maximum summer tem¬ 
perature (April-June) is 36.7°C and average minimum tempera¬ 
ture (December-February) is 7.5°C (2005-2006). The soil of the 
site is sandy loam. 

Planting material 

The growth parameters such as ramet height and GBH were 
measured for each individual ramet before the collection of wood 
material. Study material was collected from the 16 clones of 
Populus deltoids raised by WIMCO Plantations Ltd. at Rudrapur 
(Udhamsingh Nagar), India. Three clones were parent viz. G48, 
S7C8 (female) and G3 (male). Other clones represent hybrids of 
FI and F2 generation. The year of plantation was February, 2000, 
and we collected samples in October, 2007. The soil of the plan¬ 
tation site was sandy loam. The clones were raised in Random¬ 
ized Block Design, with spacing of clonal trial 5 m X 5 m. The 
details of clones are shown in Table 1. 

Sampling 

Wooden cores were extracted from three replicate ramets of 16 
individual clones at 3.17 m height from the base from the north 
direction. Each core was divided into three piths to periphery 
locations viz. inner, middle and outer. In total 144 wood samples 
were collected for anatomical study including fiber length, fiber 
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diameter, wall thickness, vessel element length, vessel element 
diameter, and specific gravity. Standard laboratory methods were 
followed for the preparation of macerations. Wooden cores were 
fragmented into small pieces and put into the test tube. The ma¬ 
terial was macerated with 50% HNO3 and a pinch of KCIO3. The 
macerated wood elements were thoroughly mixed and were 
spread on a glass slide, and observations were taken under com¬ 
pound microscope (Purkayastha et al. 1980). Measurements for 
fiber length, fiber diameter, wall thickness, vessel element length 
and vessel element diameter were taken from the macerated 
wood. Twenty-five unbroken cells were sampled for the meas¬ 
urement of each parameter (IAWA Committee 1989). Basic den¬ 
sity of core samples was determined by the ratio of oven dry 
weight and green volume. The green volume was determined by 
water displacement method. Specific gravity was the ratio of the 
density of the core sample and density of water (Purkayastha et 
al. 1980). 


Table I. The details of different clones 


S. No. 

Clone 

Parents 

Sex 

Generation 

1 

G48 

Parents 

F 

p 

2 

S7C8 

Parents 

F 

p 

3 

G3 

Parents 

M 

p 

4 

Kranti 

G48*G3 

F 

FI 

5 

W-A/49 

G48*G3 

F 

FI 

6 

102 

S7C8*G3 

F 

FI 

7 

Cp82-5-l 

S7C8*G3 

M 

FI 

8 

104 

S7C8*G3 

M 

FI 

9 

66 

G48*G3 

M 

FI 

10 

61 

Kranti * G3 

F 

F2 

11 

22 

W-A/49*G3 

F 

F2 

12 

62 

Kranti * G3 

F 

F2 

13 

14 

Kranti * CP-82-5-1 

F 

F2 

14 

79 

W-A/49*CP-82-5-l 

M 

F2 

15 

78 

W-A/49*CP-82-5-l 

M 

F2 

16 

52 

Kranti*G3 

M 

F2 


Statistical analysis 

The data were statistically analyzed by using SPSS 10. Multi¬ 
variate analysis was done to test the ramet radial, inter and in¬ 
ter-clonal variations. The genotype and phenotype components 
of variance were calculated from the ANOVA (Burton 1952). 
Genotype variance: 

(erg) = (ere + Ro 2 c ) - ( a 2 e ) / r (replication) (i) 

Phenotype variance: 

(a 2 p) = o 2 g + <7 2 e ( 2 ) 

Genotypic Coefficient of variance: 

GCV = (sj a 2 g / mean) x 100 (3) 
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Phenotypic coefficient of variance: 

PCV = (^<7 2 p/ mean) x 100 (4) 

Heritability: Broad sense heritability was calculated as per 
Lush (1949). 

h 2 =a 2 gla 2 p (5) 

Genetic advance: Genetic advance was calculated as per de¬ 
scribed by Johnson et al. (1955). 

Gs = Kh 2 ■ ^<J 2 p (77=2.66) (6) 

Genetic gain = (Gs/ mean) x 100 (V) 

Hierarchical cluster analysis was done by SPSS 10 for wood 
anatomical properties, specific gravity and growth parameters 
such as GBH and height combined with “Squared Euclidean 
Distance” method. The hierarchical grouping develops a rela¬ 
tionship between clones that are maximally similar for specified 
traits. Each of the clones is genetically different from another. 


However, the extent of difference might be varying to a certain 
degree. Thus, during clustering number of clones may vary from 
one to the total number of clones. To optimize the number of 
cluster, a cut of line was derived on the dendrogram that was 
close to half of the value. Four numbers of clusters were devel¬ 
oped based on the information. 

Result and discussion 

The details of 16 selected clones of parents, FI and F2 genera¬ 
tions are shown in Table 1. The details of wood element’s di¬ 
mensions, specific gravity and growth parameters of different 
clones are shown in Table 2. The range for fiber length for dif¬ 
ferent progenies was 968 (104, M, FI) - 1 162 pm (G48, F, P); 
22.11 (104, M, FI) - 28.11 pm (G3, M, P) for fiber diameter; 
3.53 (66, M, FI) - 5.04 (G3, M, P) pm for wall thickness; 532 
(W/A 49) - 561.33 (14) pm for vessel element length; 96.11 
(G48, F, P) - 108.56 pm (102, F, FI) for vessel element diameter; 
0.326 (66, M, FI) - 0.423 (G48, F, P) for specific gravity. The 
average height of the clone ranged from 15.3 (14) to 23.0 (W/A 
49) m while GBH ranged from 17.43 (Cp82-5-l, 14) to 27.80 cm 
(W/A49). 


Table 2. Wood and growth traits of different clones oiPopulus deltoides 


Clone 

Sex 

FL 

SD 

FD 

SD 

WT 

SD 

VL 

SD 

VD 

SD 

SG 

GBH (cm) 

Height (m) 

S7C8 

F 

1140.0 

161.00 

25.67 

4.32 

4.47 

0.92 

560.22 

125.78 

103.11 

26.33 

0.368 

23.37 

16.07 

G48 

F 

1161.8 

169.78 

25.78 

4.41 

4.48 

1.07 

552.56 

113.89 

96.11 

20.78 

0.423 

23.33 

16.6 

Kranti 

F 

1048.8 

145.78 

27.89 

4.30 

4.77 

0.92 

560.22 

101.22 

104.44 

19.89 

0.333 

24.00 

16.5 

W/A 49 

F 

1142.3 

116.44 

23.67 

2.29 

3.77 

0.34 

532.78 

84.56 

99.67 

15.67 

0.406 

27.80 

23.0 

102 

F 

1085.3 

147.00 

23.78 

4.31 

3.74 

0.87 

559.44 

97.67 

108.56 

24.44 

0.346 

19.20 

19.7 

61 

F 

986.7 

172.44 

23.22 

4.69 

4.11 

0.97 

574.44 

121.22 

101.44 

18.33 

0.355 

22.63 

22.6 

22 

F 

1018.9 

189.11 

22.44 

4.29 

3.77 

0.97 

556.11 

133.89 

98.89 

22.00 

0.348 

22.40 

21.1 

62 

F 

1000.6 

162.00 

23.67 

4.69 

3.86 

0.97 

567.22 

115.44 

106.22 

25.22 

0.338 

19.80 

20.7 

14 

F 

1041.7 

147.11 

23.56 

4.33 

3.76 

0.96 

561.33 

99.56 

108.00 

22.00 

0.347 

17.60 

15.3 

G3 

M 

1048.2 

201.11 

28.11 

5.38 

5.04 

1.36 

559.44 

142.33 

108.44 

31.22 

0.366 

17.43 

15.9 

Cp82-5-l 

M 

1049.0 

160.22 

23.33 

4.28 

4.17 

1.11 

558.22 

115.67 

105.11 

29.56 

0.350 

17.43 

15.93 

104 

M 

968.6 

170.22 

22.11 

4.11 

3.72 

0.92 

562.78 

137.67 

98.44 

22.11 

0.377 

20.20 

21.5 

66 

M 

1033.1 

150.22 

23.33 

4.34 

3.53 

0.74 

554.00 

104.89 

108.44 

27.44 

0.326 

22.60 

22.6 

79 

M 

1077.6 

144.00 

24.11 

4.44 

3.77 

0.93 

550.78 

109.56 

105.56 

23.33 

0.351 

23.17 

22.2 

78 

M 

1053.6 

159.89 

23.89 

4.39 

3.91 

1.00 

544.67 

108.89 

102.78 

19.78 

0.335 

26.63 

21.9 

52 

M 

1070.0 

150.44 

24.22 

4.61 

3.72 

0.94 

565.33 

109.00 

105.22 

23.11 

0.345 

20.90 

21.4 


Note: FL— fiber length, FD—fiber diameter, WT—wall thickness, VL—vessel element length, YD—vessel element diameter, SG— specific gravity 


Multivariate analysis of wood anatomical variations in differ¬ 
ent clones of P. deltoids is shown in Table 3. Within ramet radial 
variations were not significant for all the wood traits. Inter-clonal 
variations were significant for all the wood traits except for ves¬ 
sel element length, while inter-clonal variations were significant 
for fiber length and fiber wall thickness. Interaction of 
clone/replication was also significant for all the wood traits ex¬ 
cept for vessel element length, indicating significant genotype x 
environment interaction occurred within and among the clones. 
Non-significant inter-clonal variation in specific gravity and 
vessel element’s dimension in the present study is indicative of 


genetic stability of these traits within the clone. Further, signifi¬ 
cant inter-clonal variations in fiber length and wall thickness 
may be attributed to the nature of juvenile wood and controlled 
by a combination of physiological and environmental factors 
(Kauba et al. 1998). Significant differences in average specific 
gravity of different clones from different species of Populus were 
reported (Chauhan et al. 1999; Phelps et al. 1982), as well as T. 
grandis (Okuyama et al. 2003) E. tereticornis Sm. (Rao et al. 
2002; Pande 2005). Specific gravity is moderate to strongly in¬ 
herited trait, and is under the influence of additive gene as in 
case of T. grandis (Mandal and Chauaan 2003), which is also in 
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accordance with the present study, where clone to clone varia¬ 
tions were significant for this trait. Inter-tree variations in spe¬ 
cific gravity were also reported by Pande (2008) in Dalbergia 
sissoo and in Leucanaea leucocephala by Pande et al. (2008). 
These inter-tree variations in specific gravity were related to the 
genetic entity of individual trees of seed raised progenies. Simi¬ 
larly, significant differences among the different clones of dif¬ 
ferent species in average fiber length were reported by many 
researchers (Murphey et al. 1979; Phelps et al. 1982; Chauhan et 
al. 1999 and 2001; Rao et al. 2002; Pande and Singh 2005). In¬ 
ter-clonal variation in fiber and vessel element dimensions in D. 
sissoo was reported by Pande and Singh (2005), and in Populus 
deltoides by Chauhan et al. (1999) and in T. grandis by Rao and 
Shashikala (2003). The clone to clone variations for wood traits 
are indicative of the individual genetic entity for the wood traits 
of the different clones of different species. Gautam (2010) re¬ 
ported inter-clonal variations in L-34 clone of P. deltoids and 
indicated that differential wood properties may be expected from 
the ramets of the same clone. This is in agreement with the pre¬ 
sent study. Within ramet radial variations were significant for 
specific gravity with the increasing trend from pith to periphery, 
according to the age of the wood (Gautam 2010). Though the 
radial variations were non-significant for all wood traits, the 
increasing trend from pith to periphery for fiber length and spe¬ 
cific gravity was noticed in the present study. The reason may be 
related to the age of the wood. Most reports on radial patterns in 
hardwoods described the fiber length and specific gravity. The 
fibers are shorter, and specific gravity is less near the center of 
the tree (Zobel and Buijtenen 1989). The pattern in Populus was 
also reported by Jayme et al. (1943) and Boyce and Kaiser 
(1961) and in Eucalyptus by Bisset and Dadswell (1949). Some 
other genera like Fagus, Quercus and Fraxinus continuously 
increased in fiber length for 40 to 100 years in seed raised trees 
depending on the species (Zobel and Buijtenen 1989). In some 
clonal plantations of D. sissoo and E. tereticornis, centre to out¬ 
wards and bottom to top within ramet variations in wood ele¬ 
ment’s dimensions and specific gravity were not-significant. The 
non-significant variations in wood element’s dimensions and 
specific gravity were related to the early maturity of the wood in 
clone raised ramets. The early maturity of the wood in clonal 
plantations is due to carrying over of the physiological age of the 
ramet from the parent tree for the wood traits. Wood element’s 
dimensions were also non-significantly varied in L-34 clone of P. 
deltoides form bottom to top and pith to outwards (Gautam 
2010). It showed no age impact on the dimensions of wood ele¬ 
ments and regulating mostly homogeneous wood properties 
within the ramet (Pande 2005; Pande & Singh 2009; Veenin et al. 
2005). The same result is also true in the present study. 

Fiber length and specific gravity are significantly higher in 
female, while wall thickness and vessel element length are sig¬ 
nificant higher in male clones (p<0.01). Female parents (G48 and 
S7C8) showed higher fiber length and specific gravity than the 
male parent (G3), while vessel diameter and wall thickness were 
higher in male parent (G3). Generally there is not much differ¬ 
ence in fiber length and vessel element’s dimensions among the 
parents, FI and F2 generation clones. Fiber diameter and fiber 

Springer 


wall thickness are higher in male parent than those of female 
parents and clones of F1 and F2 generations leaving few excep¬ 
tions. There was no pattern for specific gravity among the par¬ 
ents, FI and F2 generation clones. Generally female clones 
showed higher values for growth traits (Table 2). 


Table 3. Multivariate analysis of different clones 


Source 

Dependent 

Type III Sum 

df 

Mean 

F 

Sig. 


Variable 

of Squares 


Square 



FL 

363042.7 

15 

24202.85 

8.088 

0.000 


FD 

384.8 

15 

25.65 

13.614 

0.000 


WT 

23.7 

15 

1.58 

21.325 

0.000 

Clone 

VL 

26901.9 

15 

1793.46 

1.358 

0.185 


VD 

2826.19 

15 

188.41 

3.699 

0.000 


SG 

8.825E-02 

15 

5.883E-03 

6.104 

0.000 


FL 

32675.68 

2 

16337.84 

5.460 

0.006 


FD 

17.38 

2 

8.69 

4.613 

0.012 

Replication 

WT 

2.30 

2 

1.15 

15.494 

0.000 

VL 

4259.38 

2 

2129.69 

1.613 

0.205 


VD 

30.43 

2 

15.21 

.299 

0.742 


SG 

8.923E-03 

2 

4.461E-03 

4.629 

0.012 


FL 

4669.597 

2 

2334.79 

.780 

0.461 


FD 

4.84 

2 

2.42 

1.286 

0.281 


WT 

0.229 

2 

0.115 

1.545 

0.219 

Location 

VL 

1720.09 

2 

860.04 

.651 

0.524 


VD 

270.39 

2 

135.19 

2.654 

0.076 


SG 

2.505E-03 

2 

1.252E-03 

1.299 

0.278 


FL 

483828.76 

30 

16127.62 

5.389 

0.000 


FD 

298.39 

30 

9.94 

5.278 

0.000 

Clone * 

WT 

11.68 

30 

0.389 

5.245 

0.000 

replication 

VL 

54481.944 

30 

1816.065 

1.375 

0.125 


VD 

3105.347 

30 

103.512 

2.032 

0.005 


SG 

7.795E-02 

30 

2.598E-03 

2.696 

0.000 


FL 

281295.736 

94 

2992.508 




FD 

177.153 

94 

1.885 




WT 

6.977 

94 

7.423E-02 



Error 

VL 

124107.903 

94 

1320.297 




VD 

4787.611 

94 

50.932 




SG 

9.061E-02 

94 

9.639E-04 




Note: FL— fiber length, FD—fiber diameter, WT—wall thickness, 
VL—vessel element length, VD—vessel element diameter, SG—specific 
gravity 

The genetic parameters like total genetic variations and ge¬ 
netic control for a particular trait are important tools to predict 
the amount of gain expected from the genetic material (Foster 
and Shaw 1988; Kumar 2007). Estimates of genetic parameters 
such as variance (both genotypic and phenotypic), broad sense 
heritability, genetic gain and genetic advancement for wood and 
growth traits are presented in Table 4. Heritability expresses the 
degree to which a character is influenced by genes as compared 
to environment. Broad sense heritability for wood traits ranged 
from 0.143 (fiber length) to 0.505 (fiber wall thickness), while 
for growth traits it was 0.374 (GBH) and 0.418 (height), and are 
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in agreement with the results of Nelson and Tauer (1987) for 
poplars as well as Kumar (2007) for Gmelina arborea. Fiber wall 
thickness and specific gravity were two important wood traits 
showing 0.515 and 0.297 broad sense heritability. The heritabil- 
ity values reported for different species of Populus were in the 
range of 0.56-0.70 (Farmer and Wilcox 1966; Fanner and Wil¬ 
cox 1968; Reck 1974; Nepveu et al. 1978) for specific gravity. 
The heritability values for fiber length for P. deltoides was re¬ 
ported as 0.36 (Fanner and Wilcox 1968), and the value for 
Populus polyploids was 0.50 (Einspahr et al. 1963) and for 
Populus trichocarpa was 0.71 (Reck 1974). The values of 
heritability in the present study were lower than those of the 
above reported values. Though, evidences on heritability for 
hardwoods are somewhat scant, those studies indicate that there 
is moderate genetic control of cell length (Zobel and Buijtenen 


1989). FTcritability values express the proportion of variation in 
the clones which is attributed by the genetic differences among 
the clones. Genetic advance indicates average improvement in 
the offspring over the parents. In the study, genetic advance was 
higher for fiber length (29.49) and lowest for specific gravity 
(0.03). For growth parameters it was 3.63 and 1.55 for GBH and 
height respectively. Genetic gain (%) was higher for fiber di¬ 
ameter (8.57) followed by specific gravity (7.84), wall thickness 
(4.75), vessel element diameter (3.75), and fiber length (2.79) for 
the wood traits, while for growth traits it was 16.63 and 7.72, 
respectively, for GBH and height. Genetic gain for all the wood 
and growth traits was positive particularly for most important 
wood trait like specific gravity, wall thickness and growth trait 
like GBH. 


Table 4. Estimates of genetic parameters 16 clones of Populus deltoides 


Character 

Mean 

Genotype 

variance 

Phenotype 

variance 

Broad sense 

heritability 

Genotypic 

coefficient of 

variance 

Phenotypic 

coefficient of 

variance 

Genetic 

advance 

Genetic gain 

(%) 

FL 

1056.3 

897.25 

6273.12 

0.143 

2.84 

7.5 

29.49 

2.79 

FD 

24.1 

1.75 

5.06 

0.345 

5.48 

9.35 

2.07 

8.57 

WT 

3.99 

0.13 

0.26 

0.505 

9.14 

13.73 

0.19 

4.75 

VD 

103.5 

9.43 

43.94 

0.215 

2.97 

6.4 

3.78 

3.65 

SG 

0.356 

0.0004 

0.0012 

0.297 

6.27 

9.82 

0.028 

7.84 

GBH 

21.8 

4.97 

13.30 

0.374 

16.71 

16.71 

3.63 

16.63 

Height 

20.09 

4.99 

11.94 

0.418 

11.12 

17.2 

1.55 

7.72 


FL— fiber length, FD—fiber diameter, WT—wall thickness, VD—vessel element diameter, SG— specific gravity 


Hierarchical cluster analysis was conducted by using “Squared 
Euclidean Distance” for all the 16 clones considering all the 
wood and growth traits. Dendrogram was prepared using Aver¬ 
age Linkage (between groups). In the study, 16 clones were 
grouped into 4 clusters at 12.5 rescaled distance cluster combine 
(Figure 1). The constituents of different clusters were given in 
Table 5. Cluster 1 was the largest clusters with 9 clones, whereas, 
cluster numbers 2 has only one clone. Cluster 4 was the highly 
divergent from other clusters with the S7C8, G48 (parents) and 
W/A 49 (FI) all female clones. 


Table 5. Constitution of different clusters 


Cluster 

Number 

No. of clones 

in the cluster 

Clone number and sex 

i 

9 

22,14, Kranti (F) 102,66, G3, Cp82-5-l, 79,52 (M) 

2 

1 

78 (M) 

3 

3 

61,62 (F), 104 (M) 

4 

3 

S7C8, G48, W/A 49(F) 


The mean values of different wood traits for different clusters 
are given in Table 6. Cluster 4 showed higher values for wood 
traits viz. fiber dimensions and specific gravity, while lower val¬ 
ues for fiber dimensions were represented by cluster 3 and for 
specific gravity by cluster 1. Growth parameters viz. GBH and 
height were higher in single clone cluster 2. Vessel element’s 


dimensions were higher in cluster 1, whereas, lower values were 
represented by cluster 4. 


Table 6. Mean value of wood element’s dimensions (pm), specific 
gravity and growth parameters 


Cluster 

Number 

FL 

FD 

WT 

VL 

VD 

SG 

GBH 

(cm) 

Height 

(m) 

i 

1052.5 

24.5 

4.0 

558.3 

105.9 

0.300 

20.5 

19.0 

2 

1053.6 

23.89 

3.91 

544.67 

102.78 

0.335 

26.63 

21.9 

3 

985.3 

23.00 

3.90 

568.15 

102.04 

0.357 

20.88 

21.62 

4 

1148.0 

25.04 

4.24 

548.52 

99.63 

0.399 

24.83 

18.56 

Note: 

FL—fiber 

length, 

FD- 

-fiber 

diameter, 

WT- 

-wall 

thickness, 


VL—vessel element length, VD—vessel element diameter, SG—specific 
gravity 

Of all the wood properties, specific gravity and fiber dimen¬ 
sions are important wood traits, because they have strong rela¬ 
tionship with both the yield and the quality. Therefore, they are 
recommended secondary traits, and tree improvement programs 
are taking this route (Zobel and Buijtenen 1989). Genetic diver¬ 
gence is the most effective tool to identify the parents for hy¬ 
bridization (Bhatt 1973). Selection for both female and male 
parents from two divergent clusters is important to develop hy¬ 
brids for new clones. Clusters 2 and 4 were the divergent clusters 
for male and female clones respectively. Cluster 2 has one male 
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clone i.e. 78 clones, which are highly divergent from the clones, 
clustered in cluster 1 at 10 rescaled distance cluster combine. In 
the same way, cluster 5 has three female clones viz. S7C8, G48 
(parents) W/A 49 of FI (G48*G3), which are divergent from the 


other clusters at 25 rescaled distance cluster combine. Since 
clones in cluster 2 and 4 were highly divergent from other clones, 
these clones can be used for establishing clonal seed orchard for 
immediate gain in view of their high diversity. 


Dendrogram using Average Linkage (Between Groups) 

Rescaled Distance Cluster Combine 
C A S E 0 5 10 15 20 25 


Label Num +-+-+-+-+-+ 



Fig. 1 Dendrogram using average linkage for the different Populus deltoides clones 


Though clonal strategy is alleged to offer narrow genetic base, 
vegetative propagation has strongly recommended (Camphinhos 
and Ikemori 1980; Ahuja and Libby 1993a and 1993b). P del- 
toides is propagated through clones. So development/selection of 
new clones in view of their desired wood properties is utmost 
important for the products. In this study, the highly divergent 
male clone 78, and female clones S7C8, G48 (parents) and W/A 
49 (G48*G3; FI hybrid) are important and should be used in 
number of combinations for developing new hybrids of desired 
wood traits to develop new clones. 
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